Introduction {#S0001}
============

Type 2 diabetes mellitus (DMT2) is one of the major risk factors of cardiovascular diseases.[@CIT0028] Previous research reported that patients with diabetes mellitus (DM) have a decreased life expectancy up to 7--8 years compared to those without DM.[@CIT0004] The number of patients with DM increased to 422 million in 2014 and caused 1.5 million deaths in 2015.[@CIT0001],[@CIT0002],[@CIT0005],[@CIT0029] Oxidative stress in DMT2 is caused by the accumulation of unstable residual DMT2, which is a major problem worldwide.[@CIT0010],[@CIT0015],[@CIT0046] Based on basic health research 2013, the prevalence of diabetes in Indonesia increased twice than that in 2007 (1.1--2.1%).[@CIT0003] The mortality in DMT2 is related to the complications, impact on vascular circumstances initiated by circulating cell at an early state.[@CIT0030],[@CIT0031] In fact, vascular walls have enzymatic systems capable of producing ROS, for example, mitochondrial electron transport chain, NADPH oxidases and xanthine oxidase.[@CIT0007],[@CIT0009]--[@CIT0011] Excess vascular production of ROS increased glucose metabolism and another form of sugar through polyol pathway, increased production of advanced glycation end products (AGEs), increased expression of the receptor for AGEs (RAGE), activated protein kinase C (PKC) isoforms and over-activated the hexosamine pathway.[@CIT0006],[@CIT0013],[@CIT0014]

The increase of ROS level has a harmful effect on endothelial function.[@CIT0012] Excessive ROS causes accelerated damages to the lipid membranes, enzymes and nucleic acids.[@CIT0010],[@CIT0013] It lowered nitric oxide (NO) level and contributed to endothelial dysfunction, low-grade inflammation, platelet hyperactivity, tissue hypoxia, apoptosis and thrombogenesis.[@CIT0006],[@CIT0016] It starts the formation of atherosclerosis plaque.[@CIT0014] While the apoptosis of endothelial cells began, it lost their attachments from basal membranes and circulated in the blood, called circulating endothelial cell (CEC).[@CIT0017],[@CIT0032] As a response to repaired damages, bone marrow released myeloid cells which contribute to re-endothelialization, known as endothelial progenitor cell (EPC).[@CIT0018]

Their mobilization and differentiation are triggered by many proinflammatory chemoattractants produced by traumatic and hypoxic tissue response.[@CIT0010],[@CIT0012],[@CIT0015] Some chemical modulators influenced its concentration, such as physical training, erythropoietin, estrogen, granulocyte macrophage colony-stimulating factor (GM-CSF), stromal cell-derived factor −1 (SDF-1) and vascular endothelial growth factor (VEGF).[@CIT0019] Accumulating data suggests that the vasculoprotective functions of EPCs may be used as cellular biomarkers for endothelial damage or may be pharmacologically modulated to enhance the body's defense to atherosclerosis.[@CIT0020]

EPC and CEC concentrations were measured using flow cytometry.[@CIT0021] Higher EPC level within the ratio of EPC:CEC denotes the increase of vascular repair activity.[@CIT0020],[@CIT0047] An innovation using polysaccharide peptide (PsP) isolated from *Ganoderma lucidum* fungi was developed. This fungus is commonly known as Chinese traditional herb for many years for treating hepatitis, hypertension, chronic bronchitis and cancer.[@CIT0022],[@CIT0027],[@CIT0029] It has antioxidant and anti-inflammatory properties expected to improve the vascular repair activity and further inhibition in atherogenesis processes by altering the ratio of EPC:CEC.[@CIT0023] This research is aimed to determine whether PsP has an effect on improved conditions for insulin resistance through the measurement of oxidative stress status (measurement of H2O2) and indicators of circulating cell visibility changes which are indicators of vascular status (cEPC and CEC).

Materials and methods {#S0002}
=====================

Experimental subject {#S0002-S2001}
--------------------

Thirty-five 8-week-old Wistar rats (Rattus norvegicus) weighing 150--200 g were taken from CV Gamma Scientific Biolab located in Malang, Indonesia, and then randomized and classified into five groups. Every group consisted of seven rats. The groups included the normal group, DMT2 group, DMT2 groups with three treatment doses of PsP (50, 150 and 300 mg/kg BW). High-cholesterol diet (HCD) was fed for 12 weeks and streptozotocin (STZ) 30 mg/kg body weight (Bio World Products Inc., Visalia, CA, USA from the Laboratory of Physiology, Brawijaya University) was injected once after 4 weeks of HCD to create DMT2.

Polysaccharide peptide of *Ganoderma lucidum* {#S0002-S2002}
---------------------------------------------

PsP of *Ganoderma lucidum* was packed in a capsule which contained 250 mg of *G. lucidum* extract supplied by "Sahabat Lingkungan Hidup" Partner Labs, Surabaya, Indonesia. Each gram of PsP contained 200 mg of β-D-glucan. PsP was administered to DMT2 animal models once in a day by oral gavage 4 weeks prior to sacrifice.

Blood glucose measurement {#S0002-S2003}
-------------------------

After STZ induction, the blood glucose level of animal models was measured using a GlucoDR blood glucose test meter (All Medicus Co. Ltd, Dongan-gu, Anyang-si, Korea). When the level reached \>200 mg/dL, the animals were declared as DMT2 condition.

H2O2 measurement {#S0002-S2004}
----------------

H2O2 levels in the plasma were analyzed by colorimetric H2O2 kit of Assay Design by Abcam, Cambridge, MA, USA and identified at 570 nm using an ELISA Kit by Boehringer-Mannheim GMBH, Mannheim, Germany.

Insulin resistance measurement {#S0002-S2005}
------------------------------

Insulin resistance assay was performed to diagnose whether the rat had DMT2.[@CIT0023],[@CIT0024] The insulin levels in plasma were analyzed using ELISA Kit (Boehringer, Mannheim) afterward the measurement of the level of blood glucose. The levels of fasting insulin in plasma were at a normal value of below 2500 pg/mL. Moreover, insulin resistance was measured by insulin sensitivity index (ISI) formula as follows: $$\documentclass[12pt]{minimal}
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where FBG = fasting blood glucose and FINS = fasting plasma insulin. The insulin resistance is indicated when the value of ISI is lower than 1.[@CIT0023]^--^[@CIT0025]

Lipid profile level measurement {#S0002-S2006}
-------------------------------

Lipid profiles of serum were analyzed by the use of a Cobas Mira Analyzer by PT Roche Indonesia, Jakarta, Indonesia.

Isolation of EPC and CEC {#S0002-S2007}
------------------------

Heparinized peripheral blood from healthy and treated rats was aseptically collected by puncturing a heart vein. We further used Ficoll-based gradient aimed to produce more PBMCs than using the RBC lysis-based preparation method.[@CIT0047] Cells were analyzed with a fluorophore-labeled antibody \[specific surface antigen\] before sorting flow cytometer.

Measurement of EPC {#S0002-S2008}
------------------

The number of EPC was obtained by flow cytometry. The EPC was detected by CD 34 per CP Santa Cruz SC-19,621 and CD 133 FITC (Fluorescein isothiocyanate) Bioss bs-0395R-FITC marker.[@CIT0032],[@CIT0033],[@CIT0047]

Measurement of CEC {#S0002-S2009}
------------------

The number of CEC was obtained by flow cytometry. CEC was detected by CD 45 per CP Santa Cruz SC-19,621 and CD 146 FITC (Fluorescein isothiocyanate) Bioss bs-0395R-FITCmarker.[@CIT0012],[@CIT0032],[@CIT0033],[@CIT0047]

Ethic {#S0002-S2010}
-----

Ethics approval for this study was obtained from Ethical Committee of Medical Faculty, University of Brawijaya, Indonesia number 462/EC/KEPK/08/2013), and the IACUC (Institutional Animal Care and Use Committee) guidelines were followed for the animal experiments.

Analysis of statistical data {#S0002-S2011}
----------------------------

The levels of EPC, CEC, EPC:CEC ratio, H2O2, lipid profile and insulin resistance in DMT2 rats were analyzed using ANOVA test; SPSS software version 20 (IBM Corporation, New York, NY, USA) was used to determine the difference among groups of intervention and control.

Result {#S0003}
======

[Table 1](#T0001){ref-type="table"} presents the results with one-way ANOVA and posthoc Duncan Test of PsP effect in all parameters of vascular state in diabetic models for each group. There was a significant reduction in some endothelial cell dysfunction parameters after administration of PsP, including H2O2, total cholesterol (TC) and triglyceride (TG) as lipid profile, CEC and insulin resistance levels (one-way ANOVA *p*=0.000). The lipid profile level indicated by TC and TG showed the highest in the DMT2 group (139,65 mg/dL and 661,60 mg/dL, respectively) and the lowest in the normal group at 47,20 mg/dL and 76,20 mg/dL, respectively respectively. Moreover, the insulin resistance was identified at −1.18 in the DMT2 group.Table 1Result in each group with one-way ANOVA and posthoc duncan testParameterTreatment variant groups*P*-value (*P*\<0.05)NormalControl (+)PsP 50 mg/kgBWPsP 150 mg/kgBWPsP 300 mg/kgBWH~2~O~2~ (Nmol)14,25±3,3084,28±35,2064,67±40,6140,93±23,0628,47±8,010,003\*(9,25--18,00)(62,13--145,50)(10,38--171,63)(26,50--80,13)(21,75--41,88)EPC (Sel/mL)664,40±427,98298,60±166,31412,60±74,51585,00±30,24941,00±227,840,000\*(522--1231)(285--451)(296--489)(557--630)(554--1132)CEC (Sel/mL)82,80±21,03678,20±47,48306,40±100,98203,00±50,43133,60±12,950,000\*(62--105)(602--727)(139--411)(150--255)(117--152)Rasio EPC:CEC8,25±5,980,44±0,261,62±1,093,01±0,656,97±1,260,001\*[^1]

This study showed that a HCD and STZ administration were able to induce insulin resistance in the DMT2 group and increase the lipid profile level with the significance value of \<0.05.

To assess the downstream effects of insulin-resistant conditions on the modulation of oxidative stress, measurements of plasma H2O2 levels in the control group (+) showed the highest number (84.28±35.20) compared to the other groups. Another impact of increasing plasma glucose is the inhibition of the activity of the DDHA enzyme causing an increase in asymmetric dimethylarginine (ADMA). ADMA is one of the results of methylation of arginine, which is competitive binding with arginine (material for NO synthesis) in eNOS. Change NO availability impacted on the endothelial structure.[@CIT0036] To validate this concept, the researchers performed measurements of the number of CEC and cEPC which were indicators of endothelial damage and repair due to a decrease NO. The data show that insulin resistance in this model causes the release of endothelial cells to the circulation by 678.20±47.48.

This amount was followed by identification of cEPC, although initially we used double markers for cEPC identification but the results of this study indicate that the double-positive cell population is very low. Fluctuations in the population of CD 133+ showed significant differences (*p*-value 0.000) in all observation groups. We did not use VEGFR2/KDR markers in this study as used in many publications because basically defining cEPC is varied depending on the source of cEPC isolation itself or the selection of marker surfaces. The results of this study indicate the effect of PsP on increasing the number of niche populations of cEPC as a form of response to improvement. In the insulin resistance group, there was a decline in the CD133+ population which decreased in the range of 298.60±166.31. The results of this study are similar to those of previous research, indicating that the progression of type I/II DM will cause oxidative stress conditions that modulate endothelial dysfunction including reducing the potential cEPC.[@CIT0030],[@CIT0046]

Furthermore, the researchers examined the effect of PSP on improving vascular circumstances which contributed to improve oxidative stress, increase repopulation of cEPC as an indicator of improvement in endothelial dysfunction and block conditions for endothelial dysfunction.[@CIT0012],[@CIT0033] There was a significant reduction in some endothelial cell dysfunction parameters after administration of PsP, including H2O2, TCand TG as lipid profile, CEC and insulin resistance levels. The most significant level was observed in the control(+) group and the lowest value at the normal group.

The posthoc Duncan test results show a significant difference in the concentration between control (+) group with the normal group and PsP 300 mg/kg BW group. However, there was no significant difference with PsP 50 mg/kg BW and PsP 150 mg/kg BW. This means the parameter value after administration of PsP 300 mg/kg BW was closer to the normal value. EPC:CEC ratio was measured by EPC number divided by CEC number detected by flow cytometry. EPC number is determined through CD133(+) marker (cells that spread at the lower right quadrant). The result ranged from 285 to 1231 cells/mL. EPC cells spreading pattern show a significant rise of number in the PsP treatment groups. The lowest average number was found at control (+) group with 298 cells/mL and the highest average at PsP 300 mg/kgBW group (941 cells/mL). EPC number under PsP 300 mg/kg BW treatment had a higher level compared to the normal group (*P*=0.000). Figure 1The result of flow cytometry of EPC counted by CD 133(+)-dominant cells located at the lower right quadrant of the graph.**Notes:** (**A**) Normal group, (**B**) insulin resistance models, (**C**) group with administration 50 mg/kgBW dose of PsP, (**D**) group with administration 150 mg/kgBW dose of PsP, (**E**) group with administration 300 mg/kgBW dose of PsP.**Abbreviations:** EPC, endothelial progenitor cell; BW, body weight; PsP, polysaccharide peptide.Figure 2Single and double staining representative circulating cell target as well as vascular repair indicator.**Note:** (**A**) Marker used for circulating endothelial progenitor cell identification, (**B**) marker used for circulating endothelial cell identification.**Abbreviation:** CD, cluster of differentiation.

Display data that we presented in [Figure 2](#F0002){ref-type="fig"} are the result of the validation results of staining for identification cEPC and CEC. It appears that the cEPC single marker with CD133+ is very dominant in almost all groups and is the cell population with the most visible variation in changes after the administration of PsP *Ganoderma lucidum* compared to positive controls. Likewise with the CEC marker that we use, the CD45+ cell population (mononuclear cell marker) actually provides information on the negative effects of the PsP *Ganoderma lucidum* on the CD45+ cell population.

The enhancement of cEPC was followed by reduction of CEC number in PsP treatment group compared to the control (+) group. CEC was detected through CD45(-) and CD146(+) by flow cytometry. The lowest average was found in PsP 300 mg/kgBW group (*p*=0.000). Alteration of the ratio depends on EPC and/or CEC number in each milliliter of blood. The increases in EPC would increase the ratio. Inversely, the increase in CEC would decrease the ratio. Therefore, the ratio of EPC:CEC tends to increase along with the addition of PsP doses. The flow cytometry results of EPC and CEC cell spreading pattern in each group can be seen in [Figures 1](#F0001){ref-type="fig"} and [3](#F0003){ref-type="fig"}.

Antioxidant effect was confirmed using differences in H2O2 level between control(+) group and PsP intervention groups of 50 mg/kg BW, 150 mg/kg BW and 300 mg/kg BW. There was a significant increase of H2O2 level in the control(+) group compared to the normal group. H2O2 level in normal group is 14.25 nmol/mL and increased 12 folds in control(+) group. H2O2 level decreased in PsP treatment group in accordance to dose escalation. Based on one-way ANOVA test and post-hoc Duncan test, it was concluded that there was a significant difference of H2O2 level (*p*=0.003) between control(+) group, normal group and PsP 300 mg/kg BW group. These results confirm the potentiated antioxidant effect of 300 mg/kg BW PsP which reduced the H2O2 level almost to the normal value. Figure 3The result of flow cytometry of CEC counted by CD 146(+)/CD45(-) cells located at the upper left quadrant of the graph.**Notes:** (**A**) Normal group, (**B**) insulin resistance models, (**C**) group with administration 50 mg/kgBW dose of PsP, (**D**) group with administration 150 mg/kgBW dose of PsP, (**E**) group with administration 300 mg/kgBW dose of PsP.**Abbreviations:** CEC, circulating endothelial cell; BW, body weight; PsP, Pplysaccharide peptide.

PsP intervention has been found to improve the TG level and TC level. One-way ANOVA test results show significant differences in lipid profile in each group (*p*=0.01 and *p*=0.001). The highest level of TG and TC was observed at control(+) group, the group with HCD and the lowest measured at normal diet group. PsP has also been found to improve insulin resistance in DMT2 rats, proved by one-way ANOVA test with 95% confidence interval (*p*=0.003). Insulin sensitivity index \<1 is regarded as insulin resistance. The lowest value of insulin sensitivity index was found in the control(+) group with the average of −1.18 which means that it had insulin resistance and confirmed the development of DMT2. Posthoc test analysis demonstrated that PsP 300 mg/kgBW has a significant difference in control(+) groups and PsP 50 mg/kg BW group, and the level of insulin resistance increased around normal value in PsP 300 mg/kg BW group.

Discussion {#S0004}
==========

Basic studies have shown the evidence regarding the innate complex mechanisms underlying changes that occur in the vasculature during DM and lead to CV risk associated with macrovascular and microvascular complications of DM.[@CIT0025],[@CIT0028],[@CIT0044] More importantly, during the formation of arteriosclerosis, vascular cell homeostasis plays a significant role.[@CIT0015],[@CIT0042] Endothelial dysfunction is a consistent finding across the spectrum of insulin-resistant states, characterized by reduced NO bioavailability leading to an increase in the number of circulating endothelial cells. EPCs are circulating cells which have been identified as mediators of endothelial repair. Several abnormalities associated with insulin resistance, including reduced NO bioavailability, increased production of RO and downregulation of intracellular signaling pathways, have the potential to disrupt EPC function.[@CIT0041] EPCs have a protective impact on the vasculature.[@CIT0044]

This study observes the effects of *Ganoderma lucidum* PsP that was investigated to have antioxidant and anti-inflammatory properties which are expected to improve the vascular repair activity and further inhibition.[@CIT0023] Improved vascular capacity occurs with maximum doses of PsP (300 mg/kg BW), reducing the amount of CEC lower than the control group (+) with disparity point at 544.60 cells/mL. However, 50.80 cells/mL were higher compared to that of the normal group. It can be concluded that the administration of PSP has been proven to reduce endothelial dysfunction shown by the decreased CEC count.

Endothelial dysfunction in the insulin resistance model is associated with oxidative stress due to an increase in plasma glucose levels.[@CIT0010],[@CIT0012],[@CIT0023],[@CIT0028],[@CIT0046] Reduction of CEC was an indicator of improvement in endothelial dysfunction in this study, associated with a decrease of H2O2 levels in the maximum dose of PSP group. Reduction of H2O2 at the maximum dose showed the lowest levels compared to the group with another dose or in the control group (+).

NO, produced from L-arginine by eNOS \[endothelial NOS (NO synthase)\], is perhaps the most important compound, possessing vasodilatory, anti-inflammatory, antiplatelet and antioxidant properties.[@CIT0041] NO is rapidly inactivated in the vessel wall by ROS. The relative production by endothelial cells of NO and ROS is, therefore, of critical importance in vascular homeostasis.[@CIT0041] Based on that statement, antioxidants in the PSP *Ganoderma lucidum* are thought to have the same effect as NO. So, they can reduce H2O2 at the level 21.75--41.88 Nmol. Coexisting vascular risk factors and many biochemical changes associated with insulin resistance, including inflammation, ROS, altered secretion of cytokines by adipocytes and increased NEFAs, may contribute to endothelial dysfunction indirectly.[@CIT0041] Endothelial dysfunction is an imbalance in the production of vasodilator factors. When this balance is disrupted, it predisposes the vasculature toward prothrombotic and pro-atherogenic effects.[@CIT0045] From some of the statements above, it can be concluded that the PSP *Ganoderma lucidum* can reduce ROS (H2O2) so that endothelial disrupted (increased number of CEC) can be inhibited through the antioxidant effects of PsP.

STZ-induced diabetes: Diabetes reduced the release of SDF in wounds, reduced circulating EPCs and impaired EPC mobilization due to reduced bone marrow eNOS phosphorylation. Hyperoxia and SDF administration acted synergistically to abrogate these defects.[@CIT0039] Decreasing intracellular superoxide by transgenic overexpression of MnSOD prevented the reduced eNOS and CXCR4 expression usually seen in diabetic EPCs exposed to hypoxia or hyperglycemia.[@CIT0040]

Several abnormalities associated with insulin resistance, including reduced NO bioavailability, increased production of ROS, and downregulation of intracellular signaling pathways, have the potential to disrupt EPC function.[@CIT0046] In endothelial cells, ROS exert direct cytotoxic effects, react with NO to diminish NO bioavailability and form peroxynitrite anions, which are powerful oxidants. Although EPCs from healthy individuals are postulated to be relatively resistant to oxidant stress, increased ROS, resulting from increased production or diminished endogenous antioxidant defenses, may lead to EPC dysfunction in those at risk of cardiovascular disease. In animal models, conditions characterized by increased ROS are associated with reduced number of circulating EPCs.[@CIT0023],[@CIT0026],[@CIT0041]

This study shows that a high-fat diet and STZ induction can modulate the increase of H2O2 that occurs in the control group (+) compared to the entire observation group. Increased H2O2 has an impact on the amount of EPC in circulation. The number of cEPC in the control group (+) shows the lowest number (298.60 cells/mL) compared to the entire observation group. PsP intervention showed improvement in cEPC (CD133+) repopulation in this study. PsP administration at the maximum dose showed vascular improvement in the resistant insulin model. It appears that the CD133 (+) repopulation shows the highest number compared to all observation groups with a significance value of 0.000. CD133 is a marker of hematopoietic cells derived from bone marrow, and repopulation of cells with these markers can be increased due to exposure to inflammatory mediators. CD133 which is becoming a major overview of the results of our study is basically an indicator of the characteristics of stem cells hematopoetic are abundant in the bone marrow and have the ability to differentiate into different types of cells mononuclear another one of them is the EPC.[@CIT0034]

Many previous studies mention that the decrease in NO in the insulin resistance model causes endothelial dysfunction. Endothelial dysfunction is an imbalance in the production of vasodilator factors, and when this balance is disrupted, it predisposes the vasculature toward prothrombotic and pro-atherogenic effects.[@CIT0045] This study did not measure NO as a mediator that induced improvement in endothelial dysfunction through the administration of PsP *Ganoderma lucidum*.

Analysis of the EPC and CEC ratios in the entire observation group is an indicator of improvement in vascular status in the insulin resistance model. Vascular repair with those indicated by EPC and CEC ratio data can be seen in the group given PsP *Ganoderma lucidum*. So, it can be concluded, based on this study, that the PsP *Ganoderma lucidum* have a positive effect to improve vascular damage through an increase of EPC/CEC ratio and decreased oxidant, TG, TC and insulin resistance in type 2 diabetes in the rat model.
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[^1]: **Notes:** The results are presented in mean ± SD (range). All values of each parameter are already matriculated in the math international standard form (decimal).\**P*\<0.05 is considered as significant.

    **Abbreviations:** PSP, polysaccharide peptide; EPC, endothelialprogenitor cell; CEC, circulating endothelial cell.
